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“Soft” interactions are the largest — but most
unknown — part of the inelastic Xs at colliders

Understand the whole “event” (not just the pQCD
part)

Provide data to tune MC models of MB (in general)
and of UE (specifically)

® MB is a cocktail of hard (pQCD) and soft processes:

“ No MC generator can reproduce all MB observables at the same
time
® MB is important (“pile-up”) in high luminosity
environments

® UE is a background to most collider high p; observables
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“Minimum Bias” is defined by its trigger |

END WALL
HADRON

- Al ™ ; = CDF triggers MB with

forward particles in
3.7<|n|<4.7 (<3deg)

" Requires coincidence of
both sides (forw+backw)

" Implemented with

/‘Cerenkov counters (CLC)

The trigger is biased so to favor high p; interactions

Will affect also the shape of inclusive distributions

This presentation =2 only observables in the central region
(In]<1.0)

END PLUG EM CALORIMETER
END PLUG HADRON CALORIMETER
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This talk is only about
non-diffractive collisions

Elastic SCW Single Diffraction

Hard Core
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® 506 pb-1

® Max Inst. £=90x103° cm2st

® Average Inst. £=20x103°

® Select crossings with only 1
primary (pp) vertex.

® Background from undetected
primary vertices ~ 3% (“PileUp”)
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First attempt of really
inclusive measure with

neutral particles

Calorimeter response is very
sensitive to the MC model
Large total systematic
(¥15% + 6%): comparison
with MC little significant
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Data / Pythia

3 [ —e— Data/ Pythia TuneA, hadron level

2 [ (data corrected to hadron level)
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——— Pythia TuneA, hadron level

Inl<1

= Data corrected to hadron level|

<1

®  Data corrected to hadron level

—— Pythia TuneA, hadron level

Systematic uncertainty

[ —e— Data/ Pythia TuneA, hadron level
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Systematic uncertainty

(data corrected to hadron level)
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Corrected to hadron level
Finite E; resolution unfolding included
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Modeling of the distribution: S

_
o
S

Fits are good, but merely empirica
Xs(2 TeV) ~ 1.04 Xs(1.8 TeV)

= Data Run I

fit Run Il
fit Run 1988 (x 2)

ni<1
pTzO.4 GeV/c

. EIII|III|III|III|III III\~I\\I~I‘-II
Extends previous measurement ® [ —— Total uncertainty
] 40 Systematic uncertainty
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Pythia v6.2. MB description
relies on a p; cutoff parameter
that regulates both:
®2-to-2 parton perturbative
Xs at low p;
" Additional parton-parton
scatterings (MPI)
Data has much more particle
production in p;>20 GeV
TuneA produces no particles
at all above ”150 GeV/c ‘
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Associated Particle Density: dN/dNd®

Correlations among

1M PTmaxT > 2.0 GeVic Charged Particles 30 < ET(jet#1) < 70 GeV
. . . E 1« PTmax > 2.0 GeVi/c (MI<1.0, PT>0.5 GeVic)
charged particle indicate
[
. . § - r

a jet structure in MB as R -
PTmax Direction §
| ~1 GeV 3
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UE and ISR/FSR particles cannot Leading Jet: 2.2 fb-1

be resolved experimentally ® High p;jetin [n]<2

Use specific event topologies ® MidPoint, R=0.7 f ,,,,.=0.75
where ISR/FSR effects can Back-to-back Jet (not shown)
be dumped or enhanced " Third jet suppression

Drell Yan: 2.7 fb-1

Drell Yanm Production _# ';““' H | g h PT
)c“"“" .

" e*,u* E;>20 GeV, |n|<1, Iso>0.4
1<110 GeV

" 70<|M.,,

%
%
% Amii L eplen
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Charged Particle Density: dN/dnd¢

CDF Run 2 Preliminary
data corrected
pyA generator level

Toward"

"Leading Jet"
MidPoint R=0.7 n(jet#1)|<2 “TransMAX”

"Transverse"

Average Charged Density
N

Charged Particles (|n|<1.0, PT>0.5 GeV/c)

0 20 40 60 80 100 120 140 160 180 200
PT(jet#1) (GeV/c)

Charged Particle Density: dN/dnd¢

PT(Z-Boson) (GeV/c)

“TransMIN”

3 Z-Boson Direction
CDF Run 2 Preliminary
.‘? data corrected
2 pYAW generator level
[
g 2- "Drell-Yan Production”
g, 70 < M(pair) <110 GeV
e
E “TransMAX” “TransMIN”
o
o 4
g "Transverse" -
@ § % . & ® 4 » I 4 7T
z e et TR I
"Toward" Charged Particles ({n|<1.0, PT>0.5 GeV/c)
0 9xc|uding the Ieplton-pair
0 20 40 60 80 100
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Leading Jet:
TransMAX =
BBR + ISR/FSR
TransMIN = BBR
MAX-MIN =
ISR/FSR

Drell-Yan:

No FSR !
Exclude leptons
Toward = Trans

11




Systematic study of many observables to tune and improve
QCD MonteCarlo models of the underlying event

Observables MC generators
" Charged particle densit ~" Pythia TuneA

“ Fit to CDF UE (Run1)
@j&’ Pythia Tune AW
“ A+Fit to pT(2)

A NN

® Max particle PT < \ “® pythia Tune DW
® Others \ “ AW+Fit dijet Dphi (DO)

® PTsum density
® Average particle

Herwig (noMPI)
“ Fit to pT(2)
® Herwig+JIM

¥ Others
Niccolo' Moggi “Soft QCD at the Tevatron” 12
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"Transverse" Charged Density

"Transverse" Charged Density
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"TransMAX/MIN" Charged Particle Densit)(dNIdndd)
T~

"Leading Jet"
"transMAX" MidPoint R=0.7 |n(jet#1)|<

B i_-lq: _-E_-J_-I'_I:_l'_ N

CDF Run 2 Preliminary

data corrected
generator level theory

g

PY Tune A

Logcint e sy

Charged Particles (|n]|<1.0, PT>0.5 GeV/c)

400
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PT(jet#1) (GeVIc)
"TransMAX/MIN" Charged Particle Densit)&lednd(b
——

1 "Drell-Yan Production”

CDF Run 2 Preliminary

data corrected
generator level theory

Charged Particles (|n|<1.0, PT>0.5 GeV/c)

"transMAX" }\ { { I { I i I |

70 < M(pair) < 110 GeV

A!/(WL_L;% T I 111
I Il S T
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T E _E % L i & & T & T 1 I I I T I
I'rit - -L --L-J-- d- *- : J‘ ----- Ji i { -J_ -
0 20 40 60 80 100

PT(Z-Boson) (GeVic)

MAX receives BBR+ISR+FSR
MIN receives BBR
and less of ISR+FSR

Herwig no MPI:
not enough particles
in DY more disagreement
because the lack of MPl is
more evident in absence
of FSR

Pythia A/AW ~ ok

“Soft QCD at the Tevatron”
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CDF Run 2 Preliminary
data corrected
generator level theory

ATLAS
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Charged Particles (|n|<1.0, PT>0.5 GeV/c)
excluding the lepton-pair
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Toward and TransMIN
regions in Drell-Yan events
are more sensitive to UE
since are less likely to receive
contributions from ISR

Pythia DW ~ ok
Herwig no MPI
too few particles
too soft
Herwig+JIM
too many particles
too soft
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<[P N correl

- - T —

CDF Run Il Preliminary
14
MOSt poorly reprOduced by MC = Data Run Il / Inl< 1 and P,z 0.4 GeV/c

To reproduce this, we need the
Total uncertainty ‘
— 6% _l_T
|

correct recipe to mix:
soft and hard collisions + .

soft and hard components of
single collisions

<p > [GeV/c]

_|IIII1IIII|IIII\TIIII|IIII|IIII|IIII|IIII

With only soft and hard 2-to-2 | /= .-
Scatterings, Iarge Nch would 0 . Pythia hadron level :
give too h Igh <pT> 0.7 ' o ' —— TuneA no MPI TuneA p_=0
MPI provide a mechanismto =~ TUeARAIS oo ATLASune

. IIIIIIIIIIIIIIIIIIIIIIIIIII5IIIIIIII5IIII5
pI’OdUCE lar_ger NCh Wlth <pT> ’ R 20chaiéjedic())artif:le m4|(1)Itipi1icity "
softer than in the primary
parton-parton interaction Samp!e =MB + d.e‘dlcate‘d

“high multiplicity” trigger
in Nch>22 particles
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Average PT versus Nchg

] CDF Run 2 Preliminary Drell-Yan PT >._0. P¥(Z) <10 GeVic

data corrected
generator level theory

Same structure as in MB
® Confirmed MPI importance
® Universality of MPI ? R

Pythia A/AW ~ok but not | Charged Particls 11<1)

perfect : 1 2 s “

Number of Charged Particles

Min-Bias PT > 0.4 GeV/c

Average PT (GeV/c)

Herwig noMPI too hard

Average PT versus Nchg

2.5

HerW|g+J IIM too SOft T CDF Run 2 Preliminary i_mv_i # w 1 l i
+ data corrected RN -
. —_ T generator level theory AW \\\\ _ - - T T L Y
H e rWIg Ca n’t be CO m pa red % 20 "Drell-Yan Production” & ) T T J
. o 70 < M(pair) <110 GeV L 1
to MB as Xs diverges when s .
p;(hard)=>0 s s
10— F0— < OO0 @ o—=--=
il ATLAS | Charged Particles (|<1.0, PT>0.5 GeV/c)
T excluding the lepton-pair
0.5

0 5 10 15 20 25 30 35
Number of Charged Particles
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[ T C— '=and3 and D.Wicke, 200°

- P

Colefcoriel :

Pythiav > 6.3 «_models which successfully
describe the <pT>(Nch)
introduces new distribution such as R.Field
‘TuneA’ .. do so by
MPI model with incorporating very strong ad

hoc correlations between final
state partons from different
interactions..

. .Simultaneous agreement with
<pT>(Nch) is only obtained
from the models incorporating
non-trivial color
correlations..”

ad hoc color

correlations between

the hard process and MPI.

Top mass measurement may be sensitive to CR:
+-0.5 GeV from non-pQCD effects ?
Preliminary DO & CDF estimates with tuneA v6.4 confirm?

Niccolo' Moggi “Soft QCD at the Tevatron” 17



We have provided a set of precision measurements
of MB and of UE to tune MC models
All data distributions studied:

® favor models with MPI
® show continuous soft/hard transition

Pythia tunes A/AW ~ Ok for inclusive distributions
No model reproduces correctly the final-state
correlations

For LHC: Pythia predicts a more active UE than at
the Tevatron, Herwig predicts roughly same activity

Understanding of MB and UE is becoming important
for precision high PT measurements

Niccolo' Moggi “Soft QCD at the Tevatron” 18



BACKUP SLIDES
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CDF Run Il Preliminary

E|||||||||II|III|III 111 \I\~I\I‘.II E|||||| | | ||||||| | | 111111 A\

o L . -

o~ [ = Total uncertainty [ —— Total uncertainty

2> 40| i ; - . .

] i Systematic uncertainty i Systematic uncertainty

T F o - : L

T - *6% Ium.lnosny uncertainty - +6% luminosity uncertainty not included

e r not included n

c L L

: 0 1 1 1 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1111 I 1 1 1 11 1 111 1 1 1 11 1 11 I
0 20 40 60 80 100 120 140

Niccolo' Moggi

= Data Run I
— fit Run Il
---- fit Run 1988 (x 2)

<1
pT=0.4 GeV/c

— fitRunll
--- fit Run 1988 (x 2)

Data Run I

<1
pT=0.4 GeV/c

P, [GeV/c]

“Soft QCD at

the Tevatron”

10

10*
P, [GeV/c]
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A=fits UE
W=fits Drell-Yan

D=fits Ad(dijet)

- MPI

Paramete Tune Tune Tune Tune
I A AW DW DWT bRt
PDF CTEQS CTEQS CTEQS CTEQS CTEQS
IL 10 L IL I
MSTP(81) 1 | 1 1 1
MSTP(82) 4 4 4 4 4
PARP(82) 2.0 2.0 1.9 1.9409 1.8
PARP(83) 0.5 0.5 0.5 0.5 0.5
PARP(84) 0.4 04 0.4 0.4 0.5
PARP(85) 0.9 0.9 1.0 1.0 0.33
PARP(86) 0.95 0.95 1.0 1.0 0.66
PARP(89) 1800 1800 1800 1960 1000
PARP(90) 0.25 0.25 0.25 0.16 0.16
PARP(62) 1.0 1.25 1.25 1.25 1.0
PARP(64) 1.0 0.2 0.2 0.2 1.0
PARP(67) 4.0 4.0 2.5 2.5 1.0
MSTP(91) 1 1 1 1 1
PARP(91) 1.0 2.1 2.1 2.1 1.0 |
PARP(93) 5.0 15.0 15.0 15.0 5.0 |

Niccolo' Moggi

“Soft QCD at the Tevatron”
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"TransDIF" Charged Density

"TransDIF" Charged Particle Density: dN/dnd¢

1.2
CDF Run 2 Prelimi " . " .
A Leading Jet Most sensitive to ISR(+FSR)
0.9 - — _ggnerator level theory T4 - - - J- I -
I L
0_6 4 i = | - — B
03 /L — — — — — — Z-Boson" |- - — 1 _
Charged Particles (|n|<1.0, PT>0.5 GeVic)
0.0 I I I : : I I
0 20 40 60 80 100 120 140 "Away" Charged Particle Density: dN/dndé¢
PT(jet#1) or PT(Z-Boson) (GeV/c) 4
CDF Run 2 Preliminary "Leading Jet"
o data corrected
% 3 1 — _generatorleveltheory _ _ _ _ _ ___ _ _ _ O\ _ _ [ _se—1_ L1 _— _"_
8
3
o
5
h
_5: 14— - "Z-Boson" |- - - - - - - - - T T - - - T T T~
Similar in Leading'jet and Charged Particles (|n|<1.0, PT>0.5 GeV/c)
0 : : : : : : : : :
Dre”_Yan events 0 20 40 60 80 100 120 140 160 180 200
PT(jet#1) or PT(Z-Boson) (GeV/c)
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"Toward" Charged Density
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"Toward" Charged Particle Density: dN/dnd¢
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CDF Run 2 Preliminary

"Drell-Yan Production”
data corrected 70 < M(pair) <110 GeV

pyDWT generator level

LHC10 Tevatron

0.0

Charged Particles (|n|<1.0, PT>0.5 GeVic)

excluding the lepton-pair
Il Il Il Il Il

T T T T T

Data CDF, Pythia 2,10 and 14 TeV

25 50 75 100 125 150
PT(Z-Boson) (GeVi/c)
"Toward" Charged Particle Density: dN/dnd¢
2.0
CDF Run 2 Preliminary "Drell-Yan Production”
> generator level theory 70 < M(pair) <110 GeV
R T
o
]
) ——
>
H 6 10 +- f=~=—==—=—===—"HWTevatron f - —== == - — — — — — — — — —
PYthla 2 and 14 TeV 5 :r pyDWT Tevatron | ------ . \\-*' HW LHC14
| e ~. ! o
Herwig 2 and 14 TeV  E BN -
S 05+ — — - — - o N e\ AR
|2 -\ = = = = =
: - = === === == Charged Particles (|n|<1.0, PT>0.5 GeV/c)
excluding the lepton-pair
0.0 I I I I I

25 50 75 100
PT(Z-Boson) (GeV/c)
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Trigger: acceptance IS functlon of many varlables

" # primary detected vertices, g 1
Luminosity, # tracks,
CLC calibration...

" In short, acceptance increases
with the total activity in the
crossing. Plateau at ~98%

“ Measurable with 0-Bias Sample Example of MB trigger acceptance

Primary Vertex (after trigger): % % % ~w S0
¥ Clustered by the tracking system

“ Flatin |Z,...,] <40 cm, outside affected by tracking
inefficiencies

® Depends on #PV, # tracks, Luminosity

efficiency
o
=

- Lum <20 E30

o
o)

20< Lum <40 E30
- 40 < Lum < 60 E30

<
~
.\z‘-‘\ T T

Lum > 60 E30

.O
[\®)
[T of
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This measurement was published by CDF in 2002

(PRD D65 072005) Nep i
(pr) (N.p) = 2w 2i ~ Pr

e r ch
® 12 N X Nch
S T
A —
o Correction procedure
13 1. Tracking efficiency: correct the <p;> for
oo o each reconstructed N,
B 2. Smearing: generate matrix of P(Nr,Ng)
C ml<1 and pT20.4 GeV/c . . . .
os- . Dat Run Then apply thlsnunfoldlng factor bin by bin
EQEI o DataRun| g —
0= <pT>nr:m — Z<<pT>TL7~_l X P 9 m)
oo b L1 L .
3 - 1
ja- 6; —— Total uncertainty N T
'% 4 Systematic uncertainty <p > at Nr‘
g T <p;>at Ng
5 2
0 PRI s SRS RIS T R IIIIIIIIIII .
TR (.. works as long as <p;>at N =gen is the
multiplicity
same that at N =rec)
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Min Bias DATA (1800 GeV)
Pythia: setting 1

- ¥ Pythia: setting 2 CDF Run |
1.3 A Pythia: setting 3
- O Herwig: setting 1
1.2 —A Herwig: setting 2

- (py20.4 GeV/c mm O)

< p;>(GeV/e)

lllllllll‘

0.7 e

06 _lllllllllllIlllllllllllllllll‘lllllllll
o _#\ 10 15 20 25 30 35 40
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Calorimeter response
© o 9
3 oo O
[RER] \

Many step correction:

" Single tower relative cal

CDF Run Il Preliminary

—_

response f(n, Z

ve rtex)

Calorimeter response

® Absolute response to ZE;

S
o

g_ Uncertainty
® Acceptance vs Z ..., os |
O Plle-Up 04 ™30 0 80100 120 140 ”slé(:nlElTlé[oGlel\;]OO
® Undetected low-p; charged particles Cut at p,;~0.3 GeV/c at CDF
B 1 to 2 GeV/c at
Trigger and vertex acceptance CMS and Atlas

® Unfolding (spread of events due to finite energy resolution)

> b

Ctower—n Oabsolute Averte:c—Z

Cpile—up X Ounfolding

corrected __ raw
Ne’u _ Nev ( + ClprT)

Atm'gger and vertex
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